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$\varphi(x)$ $=$ $- \frac{1}{2\pi}\int_{0}^{2\pi}\log(4\sin 2\frac{\xi-x}{2})\cdot(K\varphi)(\xi)\mathrm{d}\xi+f(x)$ $(0\leq x\leq 2\pi)$
(1)
$=$ $(SK\varphi)(x)+f(x)$ – $(G\varphi)(x)$ .
, $\varphi(0)=\varphi(2\pi),$ $f(0)=f(2\pi),$ $K$ , $S$
.
$(S \psi)(x)=-\frac{1}{2\pi}\int_{0}^{2\pi}\log(4\sin 2\frac{\xi-x}{2})\cdot\psi(\xi)\mathrm{d}\xi=\frac{1}{2\pi}\int_{0}^{2\pi}K_{\log}(x,\xi)\cdot\psi(\xi)\mathrm{d}\xi$ .
$K_{\log}(x, \xi)=-\log(4\sin 2\frac{\xi-x}{2})$ , (2)
$\forall x,\xi\in[0,2\pi],$ $x\neq\xi$ ,
$\exists c>0,$ $\alpha\in(0,1]$ : $|K_{\log}(x, \xi)|\leq c|x-\xi|^{\alpha-1}$ , $x,$ $\xi\in[0,2\pi],$ $x\neq\xi$ , (3)
[1].
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[3]. , $S$ (
) .
2. $S$
$S$ , 2 Laplace
$\nabla^{2}\hat{\phi}=\frac{\partial^{2}\hat{\phi}}{\partial\hat{x}^{2}}+\frac{\partial^{2}\hat{\phi}}{\partial\hat{y}^{2}}=0$ , (5)
. , $\Omega(\hat{z})=\hat{\phi}(\hat{x},\hat{y})+\mathrm{i}\hat{\psi}(\hat{x}, \hat{y})$ $\hat{\phi}$
$\hat{\psi}$ , , $\nabla^{2}\hat{\phi}=0,$ $\nabla^{2}\hat{\psi}=0$ ,
$\Omega(\hat{z})$ $(\hat{z}=\hat{x}+\mathrm{i}\hat{y})$ .
, ( ) ( $\zeta$ )
( 1. ). , $\zeta$ , ( $\zeta=\mathrm{e}^{\mathrm{i}x}$ )
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29 . 2 $\xi-$ $\mathrm{d}\psi$
$2\pi 0$ 2 $\mathrm{d}\xi$
(6)







$\frac{1}{|m|}\mathrm{e}^{\mathrm{i}mx}$ , $m=1,2,$ $\ldots$
(7)
, (1) $K\varphi$ , . ,
(1) $n$ $\overline{\varphi}_{n}$ .
$\tilde{\varphi}_{n}=\sum_{m=-n}^{n}\tilde{a}_{m}\mathrm{e}^{\mathrm{i}mx}=\sum_{|m|=0}^{n}\tilde{a}_{m}\mathrm{e}^{\mathrm{i}moe}$
$(\tilde{a}_{m}\in \mathbb{C})$ . (8)
, $X$ ,
Sobolev $H^{p}[0,2\pi](p\in \mathbb{R})$ .
$H^{p}[0,2\pi]:=\{\varphi\in L^{2}[0,2\pi]$ : $\sum_{m=-\infty}^{\infty}(1+m^{2})^{p}|c_{m}|^{2}<\infty$ , =–$2 \pi 1\int_{0}^{2\pi}\varphi(x)e^{-\mathrm{i}}$ dx} .
(9)
$H^{p}[0,2\pi]$ $|| \varphi||_{H^{\mathrm{p}}}:=\{\sum_{m=-\infty}^{\infty}(1+m^{2})^{p}|\mathrm{c}_{m}|^{2}\}^{1/2}$ Hilbert .
, $S:H^{p}[0,2\pi]arrow H^{\mathrm{p}+1}[0,2\pi]$ . , $H^{p+1}[0,2\pi]$










$(a_{m}, b_{m}\in \mathbb{C})$ , (10)
. , $X=H^{p}[0,2\pi]$ (1)
$\varphi=T\varphi$ Schauder .
, (8) $\tilde{\varphi}_{n}$ $N$ $\varphi^{*}\in X$
. $N=N_{n}\cross N_{r}$ , $N_{n}$
.
$N_{n}$ $:=$ $\{\varphi_{n}=\sum_{m=-n}^{n}a_{m}e^{\mathrm{i}mx}\in X_{n}$ : $a_{m}\in\tilde{a}_{m}+[-w_{m}, w_{m}]\}$
(11)
$N_{t}$ $:=$ $\{\varphi_{r}\in(I-P_{n})X : ||\varphi_{r}||_{X}\leq w_{r}\}$




$\in\in\hat{N}_{r}\hat{N}_{n}$ $\subseteq\subseteq N_{r}N_{n}\}$ $(\forall\varphi\in N)$ , (12)
$\hat{N}=N_{n}\cross\hat{N}_{r}$ . $\hat{N}$ ,
$T\hat{N}\subseteq TN\subseteq N$ , (13)
, Schauder $\hat{N}$ –
.





, ( $\mathfrak{y}$ $K$ ,
.
31 $K$
, , $A=SK$ . $K$
, $(I-P_{n}A)^{-1}$ : $Xarrow X$ .
.
$\varphi=(I-P_{n}A)^{-1}\{f-(P_{n}A-A)\varphi\}=:T_{L}\varphi$ $(A=SK)$ . (15)
, $(I-P_{n}A)^{-1}$ : $Xarrow X$ $(I-P_{n}A)^{-1}$ :
$X_{n}arrow X_{\hslash}$ [4]. $A$ , .
$(T_{L}\varphi)_{n}$ $=$ $(I-P_{n}A)^{-1}f_{n}$
(16)
$(T_{L}\varphi)_{r}$ $=$ $(I-P_{n}A)^{-1}\{f_{r}-(P_{r\iota}A-A)\varphi_{r}\}$ ,
, $P_{n}\varphi=\varphi_{n},$ $(I-P_{n})\varphi=\varphi_{r},$ $P_{n}f=f_{n},$ $(I-P_{n})f=f_{r}$ .
$(T_{L}\varphi)_{n}\subseteq N_{n}$ .
$(T_{L} \varphi)_{n}=(I-P_{n}A)^{-1}f_{n}=b_{0}+\sum_{|m|=1}^{n}(\frac{1}{1+\frac{1}{|m|}})b_{m}e^{\mathrm{i}mx}$ . (17)





$||(I-P_{n}A)^{-1}(P_{n}A-A)\varphi_{r}||_{X}^{2}$ =|m\Sigma |=\infty n+l(l+m2)p--ml2|a |2 $\leq\frac{1}{n^{2}}w_{r}^{2}$ . (20)
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$f\in C^{p}[0,2\pi]=:\mathrm{Y}\subset X$ , $||f||x$
(21)1 $f||_{X}\leq\sqrt{\frac{2^{p}}{2\pi}}\cdot||f||_{Y}$ with $||f||_{Y}:=( \int_{0}^{2\pi}\{|f(x)|^{2}+|\frac{\mathrm{d}^{p}f}{\mathrm{d}x^{p}}|\}\mathrm{d}x)^{1/2}$ ,
, $p=1$
$||f||_{X}=\sqrt{\frac{1}{2\pi}}\cdot||f||_{Y}$ $(p=1)$ , (22)
. , (12) .
3.2 $K$




$F\varphi=\varphi-G\varphi$ , $\tilde{J}=\overline{F’\varphi}=I-P_{n}(G’\tilde{\varphi}_{n})P_{n}$ , (24)













\psi (x)=|m\Sigma \infty |=0 eimx $(c_{m}\in \mathbb{C})$ , (27)
, .
$(.(K’ \tilde{\varphi}_{n})(P_{n}\psi))(x)=(K’\tilde{\varphi}_{n})(\sum_{|k|=0}^{n}c_{k}\mathrm{e}^{\mathrm{i}kx})$ $=$ $\sum_{|k|=0}^{n}c_{k}\{(K’\tilde{\varphi}_{n})\mathrm{e}^{\mathrm{i}kx}\}$
(28)
$=$ $\sum_{|k|=0}^{n}c_{k}\{\frac{\partial}{\partial c_{k}}((K’\tilde{\varphi}_{n})\psi)\}(x)$ .
(26) $\alpha_{mk}$ .









$\sum_{k=-\infty}^{\infty}\alpha_{mk}c_{k}=\beta_{m}$ $(\forall|m|=0,1, \cdots)$ . (31)




$(p> \frac{1}{2})$ , (33)
.
, $(T_{N}\varphi)_{r}\subseteq N_{r}$ $||(T_{N}\varphi)_{r}||_{X}\leq w_{r}$ .
, $f\in X_{n}$ . , $q=p-1,$ $p,$ $q\in \mathbb{Z}$ , (29)(31) ,
$||(T_{N}\varphi)_{r}||_{X}$ .
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$||(T_{N}\varphi)_{r}||_{X}^{2}$ $=$ $\sum_{|m|=n+1}^{\infty}(1+m^{2})^{p}|\frac{1}{2m\pi}\int_{0}^{2\pi}(K\varphi)(\xi)\cdot \mathrm{e}^{-\mathrm{i}m\xi}\mathrm{d}\xi|^{2}$
$=$ $\sum_{|m|=n+1}^{\infty}(1+m^{2})^{p}|\frac{1}{2m^{1+q}\pi}\int_{0}^{2\pi}(\frac{\mathrm{d}^{q}}{\mathrm{d}\xi^{q}}(K\varphi))(\xi)\cdot \mathrm{e}^{-\mathrm{i}m\xi}\mathrm{d}\sim$
$\leq$ $(1+ \frac{1}{n^{2}})^{p}\frac{1}{n^{2(1+q-p)}}\sum_{|m|=n+1}^{\infty}|\frac{1}{2\pi}\int_{0}^{2\pi}(K\varphi)^{(q)}(\xi)\cdot \mathrm{e}^{-\mathrm{i}M}\mathrm{d}\xi|^{2}$
$\leq$ $(1+ \frac{1}{n^{2}})^{p}\sum_{|m|=n+1}^{\infty}|\frac{1}{2\pi}\int_{0}^{2\pi}\{(K\varphi_{n})^{(q)}(\xi)+(K’\varphi)^{(q)}\varphi_{r}(\xi)\}\cdot \mathrm{e}^{-\mathrm{i}m\xi}\mathrm{d}\xi|^{2}$
$\leq$ $(1+ \frac{1}{n^{2}})^{p}2\{\sum_{|m|=n+1}^{\infty}|\frac{1}{2\pi}\int_{0}^{2\pi}(K\varphi_{n})^{(q)}(\xi)\cdot \mathrm{e}^{-\mathrm{i}m\xi}\mathrm{d}\xi|^{2}$
$+ \sum_{|m|=n+1}^{\infty}|\frac{1}{2\pi}\int_{0}^{2\pi}(K’\varphi)^{(q)}\varphi_{r}(\xi)\cdot \mathrm{e}^{-\mathrm{i}n\mathrm{e}}\mathrm{d}\sim\}$
$=$ $(1+ \frac{1}{n^{2}})^{p}2\{\sum_{|m|=n+1}^{\infty}\frac{1}{m^{2\ell}}|\frac{1}{2\pi}\int_{0}^{2\pi}(K\varphi_{n})^{(q+\ell)}(\xi)\cdot \mathrm{e}^{-\mathrm{i}m\xi}\mathrm{d}\xi|^{2}$




$+ \sum_{|m|=n+1}^{\infty}|\frac{1}{2\pi}\int_{0}^{2\pi}(K’\varphi)^{(q)}\varphi_{r}(\xi)\cdot \mathrm{e}^{-\mathrm{i}n\not\in}\mathrm{d}\xi|^{2}\}$ ,
(34)
, $K\varphi_{n}\in C^{\infty}[0,2\pi]$ . 2
$(K’ \varphi)^{(q)}\varphi_{r}(x)=(\hat{K}\varphi)(x)\cdot\frac{\mathrm{d}^{\epsilon}\varphi_{r}}{\mathrm{d}x^{\mathit{8}}}$ $(s\in \mathbb{Z}, 0\leq s\leq q=p-1)$ , (35)
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, 2 .












Sobolev $H^{p}[0,2\pi]$ Schauder ,
. $S:H^{p}[0,2\pi]arrow H^{p+1}[0,2\pi]$ ,
. ,
, .
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